INTRODUCTION {#sec1-1}
============

The term "rhytid" is derived from the Greek word "rhytis," which means wrinkle. Wrinkles consist of many multidirectional, superficial indentations of the skin, resulting from thinning of the dermis with age. Lines are single distinct depressions of the skin. They are further classified into superficial "creases" which extend into dermis causing deeper "furrows," which, in turn, extend into the subcutaneous tissue. Regardless of the type, these generally result from underlying hyperfunctional muscles.\[[@ref1]\]

Facial rhytids have been categorized based on whether they are static or dynamic and whether they are caused by tissue redundancy or tissue loss. Dynamic rhytids are common over the upper one-third of the face, especially the glabella and forehead. Static rhytids are caused by exogenous sources such as gravity and environmental toxins such as smoke and ultraviolet radiation. Static and dynamic rhytids are seen together around the eyes, forehead, and cheeks.

Hyperfunctional lines of the face, including glabellar and frontalis, frown lines, crow\'s feet, and deep nasolabial grooves are common cosmetic deformities. Excessively prominent facial lines are often interpreted as anger, anxiety, fatigue, fear, or melancholia.\[[@ref2]\]

The hyperfunctional lines are a result of the pull on the skin of the underlying facial mimetic musculature. These include the corrugator supercilii for glabellar lines, frontalis for deep forehead lines, lateral aspect of the orbicularis oculi for crow\'s feet, and the zygomaticus, levator superioris, levator labii superioris alaeque nasi, and the orbicularis oris for nasolabial fold.

Most facial rejuvenation techniques such as surgery and injection of collagen, silicone, or autogenous fat do not address the fact that these lines are functional, i.e. they do not target the cause of hyperfunctional lines: The underlying facial mimetic musculature.

Thus comes in the use of Botulinum toxin A, isolated from the bacterium *Clostridium botulinum*, which causes reversible, flaccid paralysis of the muscles.

*C. botulinum* is an anaerobic, gram-positive, spore-forming bacillus, commonly found in the soil throughout the world and is responsible for food poisoning. The family of Botulinum neurotoxins includes seven distinct subtypes identified as A, B, C, D, E, F, and G.

The chemical paresis induced by Botulinum toxin injections by blocking the release of the neurotransmitter, acetylcholine, is a relatively noninvasive and safe means of eliminating muscle contraction, which leads to dynamic wrinkles and furrows. Although all types of neurotoxins are capable of interfering with acetylcholine release, they vary in their biosynthesis, size, and cellular mechanism of action.\[[@ref3]\] Consequently, they also vary in their clinical usefulness. Type A is the most powerful of the seven types and was the first to be developed for clinical use. Types B and F have also shown beneficial effects in humans. Short-acting toxins such as BTX-E and BTX-F may be of value post-surgically or after trauma.\[[@ref4]\]

Objectives {#sec2-1}
----------

To determine the efficacy of the Botulinum toxin type A injections in facial rejuvenation by eliminating hyperfunctional facial lines of the foreheadTo determine the type of skin ideally suited for treatment with Botulinum toxin type ATo determine the rate of complications associated with Botulinum toxin type A injections.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 25 patients with hyperfunctional facial lines of the forehead were treated with Botulinum toxin A injections at the Department of Oral and Maxillofacial Surgery at Coorg Institute of Dental Sciences.

Among the 25 cases, 10 were male and 15 were female. The patients considered belonged to an age group of 25--65 years. The age group was further divided into three groups: 25--35 years, 36--45 years, and above 45 years. A detailed history was taken and examination of the facial lines was done (Proforma enclosed).

Patient selection and exclusion criteria {#sec2-2}
----------------------------------------

*Pregnancy or active nursing*: Women who had inadvertently been treated with Botox during pregnancy have had uneventful deliveries, and thus far, no teratogenicity has been attributed to Botox. Nevertheless, Botox is classified as a pregnancy category C drug in that it is not firmly established whether it can cause fetal harm when administered to pregnant women. Furthermore, it is not known whether Botox is excreted in human milk. Therefore, pregnant and nursing women were excluded from this study.

Pre-existing neuromuscular conditions like myasthenia gravis, Eaton-Lambert syndrome and some medication, such as aminoglycosides, penicillins, quinine, and calcium channel blockers, can potentiate the effects of Botox, and patients using them concomitantly were excluded from the study. Patients with any degree of trepidation or patients with unrealistic goals and expectations are also poor candidates for Botox therapy. Patients younger than 12 years and patients with history of reaction to the toxin were excluded from the study.

Patient selection {#sec2-3}
-----------------

Patient should be analyzed both in the static and dynamic positions. In the static analysis, the patients who would benefit from eyebrow lifting with Botulinum toxin are those with a weak frontalis and strong depressors independent of age, the eyebrow has a low position, especially its lateral aspect, and fullness in upper eyelid. There may be static lines depending on muscular behavior and age. In addition, size of the forehead has to be considered, since larger areas need more injection points and consequently higher doses.

The dynamic analysis should be done while talking to the patient, in order to categorize the patient as a kinetic, hyperkinetic, or hypertonic. Kinetic patients only produce important eyebrow elevation if they want to denote surprise. Horizontal lines on the forehead are not visible when motionless. Hyperkinetic patient eyebrow elevation is independent of expressing surprise. Horizontal lines in the forehead due to frontalis overconstriction can be easily seen and disappear easily when motionless. Hypertonic patient can relax neither the eyebrow elevator nor the depressor. Lines are seen in both static and dynamic situations.

Kinetic patients are those who may present the best result with complete static and dynamic line removal and a nice elevation of the whole eyebrow. Hypertonic patients are difficult to treat and in them, treatment of the lateral brow might result in brow ptosis.

The patients are classified according to the quality of their skin as follows:

Type 1: Thick, sebaceous skin; wrinkling characterized by deep dermal scarringType 2: Thin skin; wrinkling characterized by deep dermal scarring, with hyperfunctional musclesType 3: Thick skin characterized by fine wrinkles aggravated by scowlingType 4: Thin skin and fine wrinkles aggravated by scowlingType 5: Wrinkling only with scowling.

Materials {#sec2-4}
---------

The materials used for Botulinum toxin treatment were the toxin itself, a standard freezer, sterile saline solution, alcohol swabs, and insulin syringes with small 30 gauge needles. The standard vial of Botox contains 100 U of toxin. The toxin was shipped from the manufacturer on dry ice and stored at −20°C \[[Figure 1](#F1){ref-type="fig"}\].

![Materials used for the study](JISPCD-5-276-g001){#F1}

History and evaluation {#sec2-5}
----------------------

The patients were first evaluated with a thorough review of their medical history, medications, and prior injections of Botulinum toxin or prior cosmetic surgery. Physical examination concentrated on the patient\'s hyperfunctional facial lines, skin condition and any scars and/or asymmetry, identification of prior facial surgical sites, assessment of the thickness of the skin, and the quality of the skin. In addition, the accentuation of hyperfunctional lines with muscle contraction, as well as the ability to smooth out these lines was noted with the "spread test."

A detailed discussion of the patient\'s facial lines, the Botulinum toxin technique, and the expected effect was then undertaken. An informed consent was obtained from each patient.

Standard photographs were taken of the patient\'s face at rest and with activity at various time intervals, i.e. pre-injection, and at 2 weeks, 3 months, and 6 months post-injection.

Specific injection sites {#sec2-6}
------------------------

### Horizontal forehead lines {#sec3-1}

Most authors recommend that all injections be at least 1 cm above an imaginary line drawn horizontally between the middle portions of the eyebrows. This is done to avoid brow ptosis.

An imaginary vertical line was drawn passing through the pupil for a reproducible reference point. A triangle was first drawn with its apex at a central point between the medial brows.\[[@ref2][@ref5]\] Two points were drawn at a mid-pupillary position, 1 cm above the superior orbital rim. Points were then drawn 1--1.5 cm apart to encompass all the horizontal lines.

The first injection of 2.5 units was administered 1.5 cm above the superior bony orbital rim on this imaginary line. The second injection was given at a point 1.5 cm superior and 1.5 cm lateral to the first injection. The next injection was given 1.5 cm superior and 1.5 medial to the first injection, in effect, to create the letter V. Then, depending on the number of lines, three or five more injection sites were chosen, each at a distance of 1 cm away from the other.

The mid-pupillary line was never crossed nor was the lowermost line injected, as the purpose of the treatment is only to get rid of the unwanted lines and, at the same time, maintain facial expression. The injections were massaged in a direction away from the orbit.

RESULTS {#sec1-3}
=======

A total of 25 patients with hyperfunctional facial lines of the forehead were treated at the Department of Oral and Maxillofacial Surgery at Coorg Institute of Dental Sciences. Of the 25 patients, 10 were male and 15 were female. Their age group was 25--65 years, with an average age of 40 years. The age group was further divided into three groups: 25--35 years, 36--45 years, and 45 years above \[[Graph 1](#F2){ref-type="fig"}\].

![Distribution of study subjects according to age and gender](JISPCD-5-276-g002){#F2}

Of the 25 patients, only 2 had history of systemic disease and 2 were diabetic. None of the patients had undergone any previous Botox treatments or cosmetic surgical procedures. Pregnant and nursing women, patients with neuromuscular disorders, and patients with excessive trepidation or unrealistic expectations were excluded from the study.

All the 25 patients were injected with Botulinum toxin injections into the forehead; they were injected at six sites with 2.5 U per site.

Twenty-three patients showed satisfactory improvement of their hyperfunctional facial lines within 72 h, whereas four patients were not satisfied with the results and all four of them were males.

The average facial wrinkle grading system results were calculated pre-injection, and at 2 weeks, 3 months, and 6 months post-injection separately, as recorded by patients' verbal satisfaction grading. The satisfaction was similar in all three recordings; the average improvement on the forehead was 84.0%, 84.0%, and 16.0% at 2 weeks, 3 months, and 6 months, respectively. This was statistically significant on comparing the pre-injection and post-injection results.

Maximum improvement was noted in the age group of 25--40 years, with the older age group of 50--65 years showing less improvement. Observations were recorded according to the differences in the quality of skin. Eight patients had type 5 skin, six had type 4 skin, eight had type 3 skin, and three had type 2 skin \[[Graph 2](#F3){ref-type="fig"}\]. Thus, the maximum improvement was seen in type 5 skin, followed by type 4 and type 3 skin. Type 2 showed the least improvement.

![Distribution of study subjects according to type of skin](JISPCD-5-276-g003){#F3}

On the forehead at 2 weeks, 3 months, and 6 months post-injection, there was 44.4%, 33.3%, and 22.2% satisfaction in type 2 skin, 38.1%, 42.9%, and 19.0% satisfaction in type 3 skin, 66.7% and 33. 3% satisfaction in type 4 skin, and 66.7% and 33.3% satisfaction in type 5 skin.

No adverse effects were noted in any case, except headache in one case and bruising in two cases. All of them were mild and transitory in nature and were managed conservatively.

[Table 1](#T1){ref-type="table"} shows the relationship between gender and skin difference. Four male patients were not satisfied with the results because of the thicker musculature, and the *P* value was 0.080, which is statistically insignificant.

###### 

Relationship between gender and skin difference

![](JISPCD-5-276-g004)

[Table 2](#T2){ref-type="table"} shows the relationship between age and skin difference. Maximum improvement was noted in the age group of 25--45 years, with the older age above 45 years showing less improvement; the *P* value was 0.023, which is statistically significant.

###### 

Relationship between age and skin difference
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[Table 3](#T3){ref-type="table"} shows the post-treatment differences among different types of skin. The maximum improvement was seen in type 5 skin, followed by type 4 and type 3 skin. Type 2 showed the least improvement. The *P* values were 0.00, 0.001, and 0.017, which are statistically significant, and 0.199, which is statistically not significant. [Figure 2](#F4){ref-type="fig"} shows the post operative efficacy of Botulinum toxin on study subjects.

###### 

Post-treatment differences among different types of skin
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![Post operative efficacy of Botulinum toxin](JISPCD-5-276-g007){#F4}

DISCUSSION {#sec1-4}
==========

Botulinum toxin injections address the need for a short-term reversible therapy to "touch up" the aging face. A thorough knowledge of the pathophysiology of the neuromuscular junction has made it possible to harness a potentially lethal toxin and to use it paradoxically for the benefit of many, both for therapeutic and cosmetic purposes. The use of Botulinum toxin has revolutionized the treatment of facial lines with an incomparable safety record over the past several years.\[[@ref5]\]

Most often, it does not replace surgery, skin resurfacing, soft tissue augmentation, or skin care. However, it has been shown to be quite useful when used alone or in conjunction with various treatment options, to give the cosmetic patient the most effective and comprehensive solution for a more youthful appearance.

Unwanted side effects can be minimized and beneficial effects maximized with a thorough understanding of the facial soft tissue anatomy, proper injection technique, proper patient selection, and administration of the lowest effective dosages with minimal volume of delivery. The specifics of the dilutions and the units per amount used for the different commercial forms of type A toxin available need to be understood fully and standardized together with the specific indications of Botox as adjunctive therapy for specific facial surgical procedures, i.e. blepharoplasty, surgical brow lift, laser resurfacing, etc.\[[@ref6][@ref7]\]

Finally, even though the anatomy of the facial musculature is well described, individual differences in men and women in different population groups, and in tissue qualities, such as turgor and elasticity, are important factors to be considered before undertaking Botox injections. Specific measuring devices such as digital imaging will further help define the use of Botox for different muscle groups and facial aesthetic indications.

In our study, most of the findings were in corroboration with the available literature as regards the efficacy of Botulinum toxin in the treatment of hyperfunctional facial lines in the forehead. Joseph conducted a study on 417 patients, who underwent 1085 treatment episodes with an estimated 17,000 injections. It was concluded that when following minimal guidelines, the use of Botox for cosmetic facial applications is safe, predictable, and without serious complications and provides generalized patient satisfaction.

The male sample size was less, i.e. only 10; yet, 4 of them were dissatisfied with the results. This guides us toward the inference that whereas the dosage of 2.5 U per site for six sites in the forehead was ideal for adult female patients, the thicker musculature in males required to be treated with a higher dosage of Botulinum toxin.

Also of significance is the fact that maximum improvement was noted in the age group of 25--40 years, with the older age group of 50--65 years showing less improvement. Thus, with increase in age, the efficacy of the toxin reduces.

Skin with wrinkling only with scowling, i.e. type 5, showed the best results, whereas thin skin, wrinkling characterized by deep dermal scarring, with hyperfunctional muscles, i.e. type 2, showed the least improvement.

Advantages of botox therapy\[[@ref8][@ref9]\] {#sec2-7}
---------------------------------------------

EffectiveReversibleNonsurgical method to control facial musculature overactivity originating from either a congenital anomaly or intraoperative nerve injury, resulting in facial asymmetry, which is achieved by deliberate paralysis of functioning contralateral muscles until the injured nerve recoversPredictable and controlled paralysis.

Disadvantages of botox therapy {#sec2-8}
------------------------------

ExpensiveDisadvantageous to patients who would benefit from permanent paralysis, who otherwise need multiple injectionsDevelopment of resistance on long term use of high doses.

Potent poison to potent medicine\[[@ref10][@ref11]\] {#sec2-9}
----------------------------------------------------

Viewed in a therapeutic context, two properties of Botulinum toxin A have excited a great deal of interest: (1) Its ability to pass from the gut into general circulation has raised the possibility that it might act as a carrier for oral medications and (2) its ability to bind with high affinity to cholinergic nerve endings and specifically block acetylcholine release has suggested that it might be useful in treating disorders of cholinergic transmission.

These possibilities require profoundly different ways of converting a poison into a medicinal agent. To function as a carrier for oral medications, some properties must be modified -- most notably, the ability to poison -- and some, such as the ability to penetrate membrane barriers, must be retained. To function as therapy for cholinergic disorders, just the opposite is required, i.e. the ability to poison must be retained and the ability to spread throughout the body must be diminished or abolished.

Further research is needed to study the general properties of Botulinum toxin, including its (1) metabolism and catabolism, (2) the mechanisms of recovery from paralysis, (3) the target receptors, (4) the pharmacologic features of other serotypes, (5) antidotes and blocking techniques, (6) techniques to increase the specificity and duration of action, and (7) the stability and consistency of pharmaceutical preparations.\[[@ref12][@ref13]\]

CONCLUSION {#sec1-5}
==========

Thus, we conclude that Botulinum toxin is a safe and efficacious method of nonsurgically eliminating hyperfunctional facial lines of the forehead in the aesthetic surgical patient for a period of 4--6 months.

The dosage of 2.5 U per site at six or eight sites in the forehead was found to be ideal for female patients. Males require a higher dosage of Botulinum toxin, i.e. 4 U per injection site. Maximum improvement was seen in type 5 skin, followed by type 4 and type 3 skin. Type 1 and 2 skin showed the least improvement.

No adverse effects were noted in any case, except headache in one case and bruising in two cases. Thus, even though these are preliminary reports with a small sample size, we believe that this is the beginning of an era of pharmaceutical, nonsurgical control of facial muscles in selected patients.

To conclude, though Botulinum toxin is the most potent poison known to mankind, it definitely has potent and numerous clinical applications, as well as immense future scope.
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